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Abstract
Introduction  Due to the importance of lung cancer early treatment because of its severity and extent worldwide a systematic 
literature review was conducted about the impact of delays in waiting times on the disease prognosis.
Materials and Methods  We conducted a systematic search of observational studies (2010-2020) including adult patients 
diagnosed with lung cancer and reporting healthcare timelines and their clinical consequences.
Results  We included 38 articles containing data on waiting times and prognosis; only 31 articles linked this forecast to a spe-
cific waiting time. We identified 41 healthcare time intervals and found medians of 6-121 days from diagnosis to treatment and 
4-19.5 days from primary care to specialist visit: 37.5% of the intervals indicated better prognosis with longer waiting times.
Conclusions  All articles emphasized that waiting times must be reduced to achieve good management and prognosis of 
lung cancer. Further prospective studies are needed on the relationship between waiting times and prognosis of lung cancer.
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Introduction

Lung cancer, the leading cause of cancer death worldwide, is 
a health problem of the first order due to the morbidity and 
mortality caused, and the economic impact it has on health 
systems [1, 2].

Diagnostic suspicion of early-stage lung cancer may be 
difficult because the clinical presentation is silent in the early 
stages and the differential diagnosis may be confusing in 
advanced stages. Progressive improvements in local and 
remote diagnostic techniques (EBUS and PET-TAC) and 
therapeutic advances (targeted therapies, immunothera-
pies, etc.) in the last decade have improved the prognosis in 
patients with lung cancer in advanced countries, including 
Spain. Five-year survival is between 12 and 18% [3] and is 
directly related to the stage at presentation and the histol-
ogy: the 5-year survival of patients with localized stages of 
the disease ranges between 27% and 63%, in regional stages 
between 16 and 35% and in disseminated stages between 
3 and 7%, with the lowest survival rate corresponding to 
small cell lung cancer (SCLC) [4]. In 2020, 1,796,144 
deaths worldwide and 22,930 deaths in Spain were due to 
lung cancer [3, 5].
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The clinical management of lung cancer patients requires 
complex coordination by specialized medical and surgical 
services, health service administrators, care managers and 
social service providers. The traditional approach of refer-
ring patients to different specialist consultations sequentially 
often results in care that is perceived as slow, fragmented, 
and poorly coordinated. To reduce these delays, agreed 
standards have been established for maximum acceptable 
waiting times for lung cancer-specific referral, diagnosis, 
and treatment times based on expert clinical opinion [1, 6, 
7].

In the United Kingdom, the National Optimal Lung Can-
cer Pathway guidelines propose care algorithms to be used 
in conjunction with the British Thoracic Society (BTS) and 
the National Institute for Health and Care Excellence (NICE) 
guidelines, with the aim of achieving maximum times of 
14 days for diagnosis and 28 days for treatment. However, 
these standards are not always met and delays in lung cancer 
care persist [1].

It is essential to obtain optimal clinical results in patients 
with suspected lung cancer to speed up the diagnostic pro-
cess and early treatment as much as possible. Delays in any 
part of the process, from the initial evaluation and referral to 
the definitive diagnosis, treatment and follow-up may have 
negative consequences [1, 6, 8, 9].

Considering the importance of an early approach in the 
diagnosis and treatment of lung cancer, we carried out a 
systematic literature review (SLR) to determine the evidence 
of the impact of delays in the times of diagnosis and initial 
treatment on the disease prognosis.

Materials and methods

The SLR was carried out according to the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses State-
ment (PRISMA).

We selected observational studies of patients 
aged ≥ 18 years diagnosed with or with a clinical suspicion 
of small cell or non-small cell lung cancer conducted in 
Europe, the United States, Canada, Japan, Australia, New 
Zealand, and China. The study had to evaluate ≥ 1 variable 
related to healthcare deadlines and their effect on clinical 
outcomes. Randomized clinical trials were not included.

Two search strategies were designed, one for MEDLINE 
(through PubMed) and one for EMBASE, in which terms 
related to lung cancer, healthcare deadlines (waiting times, 
delays, early diagnosis, etc.) and clinical outcomes (prog-
nosis, survival, mortality, etc.) were used. The time hori-
zon of the search was January 1, 2010-November 24, 2020, 
to include advances in the last decade in the diagnosis and 
treatment of lung cancer. The language of the publications 
was limited to English and Spanish.

The titles and abstracts resulting from the search, after 
duplicate articles were removed, were evaluated by three 
reviewers (AGC, IAF, and MCA), and those that did not 
meet the inclusion and exclusion criteria were ruled out, not-
ing the specific reasons. If there was disagreement between 
reviewers regarding the inclusion of an article, the criterion 
of a fourth reviewer (FIO) was used. A complete reading of 
the articles was made by three reviewers (AGC, IAF, and 
MCA) independently, and the reasons for non-selection were 
recorded.

Data from the selected articles were tabulated by three 
reviewers (AGC, IAF, and MCA) on a form developed spe-
cifically for extraction and validated by a fourth reviewer. 
From each article selected, we extracted the study charac-
teristics (type of study, design, country of study, sample 
size, study duration, follow-up time), patient characteristics 
(mean age, sex ratio, disease stage), healthcare deadlines 
(time intervals evaluated between symptoms, diagnosis, and 
treatment [including mean, standard deviation, median or 
interquartile range]) and clinical outcomes (survival, mor-
tality). All waiting time intervals were analyzed in calendar 
days (if an article reported delays in weeks, these values 
were multiplied by 7; if it reported delays in months, they 
were multiplied by 30.41).

All results focused on the healthcare timelines of lung 
cancer patients and their clinical consequences were 
evaluated.

The times evaluated were expressed as: (a) time from the 
appearance of symptoms or clinical or radiological suspicion 
(first abnormal imaging test) to the therapeutic intervention, 
(b) partial times, considering: (b1) time from the appearance 
of symptoms, clinical or radiological suspicion to diagnosis 
(lung cancer study, staging), (b2) time from diagnosis to 
therapeutic decision, (b3) time from therapeutic decision to 
treatment initiation. Clinical outcomes related to the prog-
nosis were progression-free survival, overall survival, time 
to relapse, and mortality.

Initially, given the variations in the times considered 
and to interpret the information in the most aggregated and 
homogeneous way possible, the time intervals were grouped 
sequentially following the timeline that goes from diagnosis 
to treatment. The groups of time intervals evaluated were 
described using absolute frequencies (n) and percentages 
with respect to the total number of articles selected.

To evaluate the relationship between the time intervals 
stated and their association with the prognosis, we made a 
qualitative analysis that categorized the possible relationship 
between the time intervals and the specific prognosis in rela-
tion to survival and mortality.



1551Clinical and Translational Oncology (2022) 24:1549–1568	

1 3

Results

The search strategy and the decisions made during the selec-
tion of the articles included in the SLR are shown in the 
PRISMA flowchart (Fig. 1). The search identified 1359 
articles for review, of which, after eliminating duplicate 
articles, 1146 were assessed for eligibility based on the title 
and abstract; of these, 1027 were excluded, mostly because 
they did not provide variables related to waiting times. The 
full text of the remaining 119 articles was evaluated, and 81 
were excluded, mainly because they did not include vari-
ables related to the disease prognosis (n = 52) or waiting 
times (n = 16). Finally, 38 met the inclusion criteria.

Description of the studies

Thirty-four studies were retrospective observational studies, 
three were prospective observational studies, and one was a 
systematic literature review.

The studies included 1,225,328 patients, with a sam-
ple size ranging from 128 to 691,464. Twenty-one studies 
were conducted specifically in patients with non-small cell 
lung cancer (NSCLC), 13 in patients with any type of lung 
cancer, 3 in patients with SCLC, and one in patients with 
epidermoid NSCLC. Twenty-one studies investigated all 

disease stages, four included only patients with stage I–III, 
three included stage III and IV patients, three studies only 
included stage I patients, two studies included stage I and 
II patients, one study only included stage III patients, and 
another included only stage II and III, three studies did not 
specify this information.

There were wide variations and heterogeneity among 
the studies included. The quality was evaluated using the 
National Heart, Lung and Blood Institute tool. One of the 
most common shortcomings was the lack of justification 
of the number of patients needed to detect a relationship 
between the waiting time and the prognosis, and the statisti-
cal adjustment of the variables influencing the prognosis.

The characteristics of the studies selected are shown in 
Table 2.

Description of times

In the 38 selected articles, the results of 41 healthcare time 
intervals were originally described, which conditioned the 
type of analysis. The most common waiting times were from 
symptoms to treatment (7 articles, 19%), symptoms to diag-
nosis (7 articles, 19%), first specialist visit to diagnosis (7 
articles, 19%), specialist referral to surgery or treatment (8 
articles, 22%) and from diagnosis to treatment (19 articles, 
51%) (Fig. 2). The median of the times studied was two 

PubMed 
Nº Articles:  1,009 
Search date: 23/11/20 

Embase 
Nº Articles:  350 

Search date: 24/11/20 

Duplicates 
N= 231 

1,146 
Review of title & abstract 

119
Review of complete text 

38
Articles selected 

Reason for exclusion 
1. No diagnosis or suspicion of lung cancer in patients. 1 
2. Non-human study. 95
3. Studies of other diseases. 176
4. Did not contain variables related to healthcare waiting times. 538
5. Did not contain variables related to the disease prognosis. 17
6. Randomized clinical trial. 16
7. Outside the geographic area stipulated. 30
8. Did not include results. 154

Reason for exclusion 
1. Studies of other diseases. 3 
2. Did not contain variables related to healthcare waiting times. 16
3. Did not contain variables related to the disease prognosis. 52
4. Randomized clinical trial. 1 
5. Outside the geographic area stipulated. 2 
6. Did not include results. 7 

Fig. 1   PRISMA flowchart
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time periods in the same study (IQR 1–4), with a maximum 
of 10. There were wide variations in how the results of the 
healthcare deadlines were summarized statistically including 
means, medians, minimum-maximums, and percentage of 
patients with delays in the time interval studied.

Description of healthcare time intervals

In articles that studied the time from symptoms to treat-
ment in patients with lung cancer stages I–IV, the median 
(range) waiting time was 87.5 days (44–130.5). In patients 
with SCLC stages I–IV, one study reported the median wait-
ing time was 78 days. In patients with NSCLC stages I–IV, 
the mean was 138.5 days and in patients without a definite 
stage the median was 62 days. Kuroda et al. [10] defined 
delay as a wait of > 6 months after diagnosis and until surgi-
cal treatment and found that, in patients with NSCLC stage 
IA, the mean waiting time was 411 days in patients treated 
in < 2 years, compared with 1669.9 days in patients whose 
waiting time was > 2 years.

Studies that directly assessed the time from symp-
toms to diagnosis reported mean or median waiting times 
of > 20 days. In patients with lung cancer stages I–IV, the 
median (range) waiting time was 33 days (23–66), and in 
patients with lung cancer where the stage was not speci-
fied, the median was 56 days. The median time was 69 days 
in patients with SCLC stages I–IV, and 75 days in patients 
with NSCLC. Concannon et al. [11] distinguished between 
patients with NSCLC stages I–II who were homeless (mean 
waiting time of 248 days) and those who had a home (mean 
waiting time of 116 days), and patients with NSCLC stages 
III–IV who were homeless (mean waiting time of 34.7 days) 
and those who had a home (mean waiting time of 46 days).

Several studies evaluated the means and medians of 
specific waiting times for different subintervals within the 
symptoms to diagnosis time, specifically:

•	 For the symptoms to first specialist visit time, the median 
(range) waiting time was 33.25 days (8–53) for patients 

Symptoms Treatment 

Symptoms to first 
medical visit (n=4, 11%) 

Symptoms First medical 
visit 

First specialist 
visit 

Diagnosis 

Diagnosis 

First medical visit to first 
specialist visit (n=5, 13,5%) 

Symptoms to first specialist visit (n=4, 11%) 

First medical visit to diagnosis (n=4, 11%) 

First specialist visit 
to diagnosis (n=7, 19%) 

Diagnosis to treatment (n=19, 51%) 

Specialist 
referral

Surgery/ 
Treatment 

Diagnosis to surgery (n=3, 8%) 

Specialist referral to treatment/ surgery  (n=8, 22%) 

Symptoms to treatment(n=7, 19%) 1 

1A.1 

Symptoms to diagnosis (n=7, 19%) 1A

1A.2 

1A.3 

1A.4 

1A.5 

1B

1B.1 

1B.2 

Fig. 2   Time intervals according to the specifications of the articles selected
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with lung cancer stages I–IV, and the mean of the means 
was 53.33 days.

•	 For the symptoms to first medical visit time, the mean 
of the means of waiting time for patients with lung can-
cer without stage specification was 44.52 days, and for 
patients with lung cancer stages I–IV, one study reported 
a median of 58 days. For patients with SCLC stages I–
IV, the median reported by one study was 30 days and a 
mean of 56.7 days in patients with stages I–IV NSCLC 
was found by another study.

•	 For the first medical visit to first specialist visit, the 
median of the medians of waiting time for patients with 
lung cancer stages I–IV was 5 days. One study reported a 
mean of 14.49 days in lung cancer patients without speci-
fying the stage. For patients with SCLC and stages I–IV 
NSCLC, the median was 19.5 and 17 days, respectively.

•	 For the first medical visit to diagnosis, the mean waiting 
time for lung cancer patients in whom the stage was not 
specified was 29.54 days in the study by Zicovic et al. 
[12] and a median of 88 days in the study by Redan-
iel et al. [13]. In patients with SCLC and stages I–IV 
NSCLC, the median was 34 and 40 days, respectively.

•	 For the first specialist visit to diagnosis, the median of 
the medians of waiting time in patients with lung cancer 
stages I–IV was 19.5 days, and the mean was 16.59 days 
in patients in whom the stage was not specified. In 
patients with SCLC stages I–IV, the median was 21 days 
and in patients with NSCLC stages I–IV the mean was 
51.3 days.

For the diagnosis to treatment, the median of the medians 
of waiting time for patients with lung cancer stages I–IV 
was 31 days, and for patients in stage I–IIIA the mean was 
35 days. Forrest et al. [14] indicated that 39.5% of patients 
had a delay in this time (defining delay as > 31 days from 
diagnosis to treatment). They also evaluated the time from 
referral to the specialist until treatment (defining delay 
as > 14 days) and found that 69.3% of patients had a delay. 
Samson et al. [15], defined a wait ≥ 8 weeks as a delay of 
treatment, and studied patients diagnosed with NSCLC stage 
I, finding that the median time of patients who waited less 
than 8 weeks from diagnosis to treatment was 29 days, and 
that of patients who waited 8 weeks or more was 77 days. In 
patients with NSCLC stage III, Rice et al. [16] distinguished 
between patients with private insurance, those with basic 
coverage and those without insurance. The mean waiting 

times were 25, 48 and 52 days, respectively, and a wait-
ing time > 30 days was considered a delay. In patients with 
NSCLC stages I–II, the median of the medians of wait-
ing time was 36.55 days. In patients with NSCLC stages 
I–III, the median wait between diagnosis and treatment was 
28 days. In patients with NSCLC stages I–IIIB and IIIB–IV, 
the median was 121.6 days and 21 days, respectively. In 
patients with NSCLC stages I–IV, the median of medians 
was 33.5 days, in agreement with the study by Concannon 
et al. [11] in patients with NSCLC stages I–II who were 
homeless, in whom a median waiting time of 20 days and 
of 50 days in those with homes was reported. In patients 
with NSCLC stages III–IV without a home the mean was 
49.9 days compared with 58.1 days in those with a home. 
Anggondowati et al. [17] distinguished according to disease 
progression, reporting median waiting times of 18 days for 
patients with metastases, 28 days for patients in the early 
stages and 27 days for patients in locally advanced stages. In 
patients with stages I–IV SCLC, the median of the medians 
of diagnosis to treatment was 7.5 days, while Bhandari et al. 
[18] found a mean of 18 days in these patients.

Three time periods that could not be grouped into any 
of the previously defined groups were identified: from the 
decision on surgery to the time of surgery, from diagnosis 
to contact with the specialist and from surgery to adjuvant 
treatment. The results were:

•	 For the decision on surgery to surgery, the percentage 
of patients with stages I to II NSCLC whose waiting 
time was < 1 month was 24.8%, between 1 and 2 months 
44.1%, between 2 and 3 months 19% and between 3 and 
4 months 11.7%.

•	 For the diagnosis to contact with the specialist, the 
median of medians in patients with lung cancer stages 
I–IV was 9 days, while Kanarek et al. [19] found the 
mean for NSCLC stages I–II patients was 61.2 days: in 
this study the surgeon was the specialist physician, after 
diagnosis by the oncologist.

•	 For the surgery to systemic treatment or vice versa, the 
median waiting time in patients with NSCLC stages I–III 
was 48 days, and in patients with stages I–IV 56 days. 
Odell et al. [20] defined delay as > 120 days from chemo-
therapy to surgery and 180 days from surgery to chemo-
therapy: the percentage of patients with NSCLC stages 
I–IV with a delay, was 4% and 64%, respectively.
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Relationship between healthcare waiting 
times and the prognosis

The 38 articles included reported, in addition to waiting 
times, the results related to the prognosis and 31 related the 
prognosis to a specific healthcare time evaluated. In gen-
eral, there were wide variations in the results observed with 
respect to the prognosis in relation to the type of lung cancer 
studied, the stage and the time interval evaluated (Tables 1, 
3).

For the symptoms to treatment time, two studies reported 
no association between waiting time and survival or mortal-
ity, although Alanen [21] found improved survival when the 
waiting time was shorter in stage I patients. Three studies 
reported better patient survival when the waiting time was 
longer, although they justified these results by indicating 
that, in patients in earlier stages of the disease, the diagnostic 
study and assessment of staging may be more complex and 
require more tests, which could extend the times, compared 
with patients whose disease is more advanced.

For the symptoms to diagnosis time, two studies found no 
association with survival or mortality and one study reported 
improved survival when the waiting time was longer, associ-
ating this outcome with patients whose only possible treat-
ment is palliative, since these patients are diagnosed faster 
due to the disease progression, while patients who opt for 
curative treatments undergo more tests to make a more accu-
rate diagnosis, which lengthens waiting times [21].

For the diagnosis-to-treatment time, nine studies reported 
improved survival when the waiting time was shorter, three 
studies found no association between waiting time and sur-
vival or mortality, and nine studies reported improved sur-
vival when the waiting time was longer; in these studies the 
results obtained were justified by indicating that patients in 
more advanced stages, or who are older or with worse health 
are referred and treated more quickly than those in earlier 
stages, whose diagnosis may require more tests that delay 
the time to treatment, and in whom, despite being treated 
more quickly, due to the disease severity, the poor prognosis 
is not altered. In addition, the studies clarified that, despite 
these results, the timely treatment of patients with early-
stage SCLC should be emphasized to prevent a worsening 
in staging, which has a large impact on survival [18, 22].

Discussion

We analyzed 38 articles on waiting times for the diagno-
sis and treatment of lung cancer published between 2010 
and 2020 which related them to the prognosis. The studies 
selected were widely heterogeneous in terms of the design, 
the patient populations included, the structure of the health 
systems, the definition of the waiting time intervals evalu-
ated, and the summary statistics used in the analysis of the 
results, which limits possible between-study comparisons.

Table 1   Association between waiting times and survival

Time intervals Number of 
articles

Association References

Symptoms to treatment 2 No association between delay and prognosis [21, 22]
3 Longer waiting times improve the results forecast [10, 23, 24]

Symptoms to first specialist visit 2 No association between delay and prognosis [23, 25]
Symptoms at first medical visit 1 Shorter waiting times improve the results forecast [26]

2 No association between delay and prognosis [21, 22]
1 Longer waiting times improve the results forecast [12]

Symptoms to diagnosis 1 Longer waiting times improve the results forecast [21]
2 No association between delay and prognosis [11, 27]

First medical visit to diagnosis 1 Longer waiting times improve the results forecast [13]
1 Shorter waiting times improve the results forecast [12]

First specialist visit to diagnosis 3 No association between delay and prognosis [12, 25, 28]
Diagnosis to treatment 3 No association between delay and prognosis [11, 28, 29]

9 Longer waiting times improve the results forecast [14, 18, 21–23, 25, 26, 30, 31]
9 Shorter waiting times improve the results forecast [15, 17, 19, 32–37]
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In similar studies, Olsson 2019 [6] reported a range of 
medians for the diagnosis to treatment time of 12.5–52 days, 
and from primary care visit to specialist visit time of 
1–12 days; Jacobsen et al. [1] found a median range of 
6–45 days and 1–17 days, respectively, for the same time 
intervals. In our review, medians of 6–121 days were found 
for the diagnosis to treatment time and 4–19.5 days for the 
primary care visit to specialist visit time, suggesting that 
waiting times have not improved and efforts should be made 
to reach the recommended standard times of a median of 
15 days between diagnosis and treatment and 7 days between 
the primary care visit and the specialist visit [7].

We found that 35% of the time intervals studied showed 
no relationship between mean or median waiting times and 
the disease prognosis. Paradoxically, in the rest of the times 
studied, 37.5% found a better prognosis with longer wait-
ing times and 27.5% a better prognosis with shorter wait-
ing times. Jacobsen et al. [1] and Olsson [6] also obtained 
disparate results in terms of the proportion of articles that 
related better patient prognosis with longer times, shorter 
times, or that the prognosis was not affected by the waiting 
times, although in these reviews the results were not related 
to the specific waiting times, but a general evaluation of the 
relationship was made.

Although the results show that a high proportion of 
studies associated prolonged waiting times with a better 
prognosis, all of them justify this association, arguing for 
the importance of early care and detection in more serious 
patients. This suggests that to achieve a good management 
and prognosis of lung cancer these waiting times must be 
reduced. Most articles which associated shorter waiting 
times with a worse prognosis justified this relationship by 
stating that patients in more advanced stages, or who were 
older or had comorbidities, are referred and treated more 
quickly than those who are in earlier stages; in these more 
advanced patients, despite being treated more quickly, the 
poor prognosis did not change, resulting in shorter survival 
times. The diagnosis of patients in early stages may require 
more testing or evaluation by hospital committees, which 
delays diagnostic and treatment times, but may improve the 
prognosis because treatment is more targeted and individual-
ized. In addition, many patients will receive surgical treat-
ment, and the time spent on the waiting list until surgery can 
help prolong these intervals.

Special attention should be paid to the psychological 
stress to which patients are subjected throughout the pro-
cess from diagnosis to treatment. As shown by Labbe et al. 
and Kasymjanova et al. [28, 32], shorter waiting times have 
positive repercussions in terms of anxiety, mental health, 
quality of life and patient satisfaction, and lead to lower 
treatment costs.

The global situation, in which COVID-19 has impacted 
on cancer waiting times in general, and lung cancer in par-
ticular, should be considered. Gheorghe et al. [38], modeled 
the potentially avoidable deaths due to delays in cancer diag-
nosis in England in response to the pandemic and estimated 
the economic and quality of life lost. Nearly 3620 deaths 
due to breast, bowel, lung, and esophageal cancer could 
have been avoided in the next 5 years, representing a loss 
of 32,700 QALYs and €120. 83 million in productivity and, 
specifically in lung cancer, 10,900 QALYs and €4.45 mil-
lion, compared with the 21,450 QALYs and €88.96 million 
lost due to deaths caused by COVID-19. Therefore, good 
coordination and early action in the management of lung 
cancer patients is essential to alleviate the delays and con-
sequences derived from COVID-19.

One limitation of our study is the variation in the coun-
tries of the studies selected and the differences in health 
systems, which has a direct impact on waiting times and 
can cause confusion, as does the differing measures of wait-
ing times, since each article defines these differently, which 
impacts on the comparability of the results and the com-
plexity of the interpretation. However, we used PubMed and 
Embase to extract most available studies on the objective, 
thus providing an overview of the waiting times lung cancer 
patients are subject to and a detailed analysis of these times 
with the prognosis.

Generally, the waiting times usually include biases. The 
times are not accelerated if the patient is in the earlier dis-
ease stages, but they are in the advanced stages, due to 
the high mortality in this type of cancer, which results in 
contradictory results. As indicated by Adizie et al. [39], 
there are also more factors that skew waiting times, such as 
physician’s workloads and the organization of the treating 
center, which negatively affect the survival of lung cancer 
patients, the type of curative treatment administered and 
reductions in waiting times. Further prospective evidence 
is required to enable studies designed to provide more data 
on the relationship between waiting times and lung cancer 
prognosis.

In conclusion, patients value timely and effective care, 
and it is important to improve the diagnostic and therapeutic 
waiting times to which lung cancer patients are subjected, 
especially because these times influence the prognosis, with 
the aim of increasing the cure rate or, where appropriate, 
improving the quality of life and prolonging survival.

Appendix A

See Tables 2 and 3.
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